The deformation temperature of Super-Duplex Stainless Steels (SDSS) is a key factor defining the number of phases, their proportions, and their arrangement in space, with the main role for the hot plastic processing on the industrial scale. The main scope of the study was to determine the optimal forging temperature of UNS S32750 Super-Duplex Stainless Steel by means of the SEM-EBSD technique. The alloy was forged at different temperatures between 800 • C and 1300 • C, after which the most representative samples were analysed by SEM-EBSD. Microstructural characteristics as nature, distribution, morphology, and relative proportion of constituent phases, grain form, homogeneity, and dynamic recrystallization of the structure were analysed in relation to forging temperature. Primary phases as δ-Fe and γ-Fe were identified in all structural states of the steel, irrespective of the deformation temperature. Secondary phases σ-(Cr-Fe) and χ-(Fe-Cr-Mo), identified only under 1050 • C, have a strong negative effect on hot formability because they are fragile. The conclusion was that the optimal forging temperature range for the UNS S32750 steel is 1050-1300 • C because between these temperatures the structure is composed only of ferrite and austenite, without other harmful secondary alloy phases. Due to the dynamic recrystallization, the plasticity of the material also increases in this thermal range.
Introduction
With a high chromium content, Super-Duplex Stainless Steels (SDSSs) presents very good mechanical characteristics [1] [2] [3] and a remarkable resistance to acids, acid chlorides, caustic solutions and other very aggressive environments from the chemical and petrochemical industry, cellulose and paper industry, marine and nuclear industry, and so forth [4] [5] [6] , replacing often the stainless steels from the 300 series and the super-austenitic steels alloyed with nickel and nickel based alloys. The SDSS microstructure is constituted from almost equal parts of austenite and ferrite. They combine the best properties of stainless austenite and ferrite steels: the presence of ferrite in their structure ensures high mechanical and corrosion resistance level and the presence of austenite grants a good tenacity [7, 8] . Unfortunately, these steels show a low hot plasticity [9] , which makes it difficult to deform them sometimes at high temperatures [10, 11] . In order to obtain SDSS with optimal mechanical properties and corrosion resistance, it is necessary to know in detail the secondary phase precipitation kinetics, the precipitation morphology, and the effect of the alloying elements on the different properties. In the SDSS, the ferritic phase is unstable due to its high alloying content, so a wide variety of secondary phases can precipitate in the temperature range 300-1100 • C during isothermal aging or any other thermal treatment, but also during welding or hot plastic deformation [5] [6] [7] . In addition to the main constituent phases, δ-Fe (ferrite) and γ-Fe (austenite), the following phases can be found in the structure of duplex stainless steels: phase α', secondary austenite γ 2 , phase σ, phase K, phase R, phase π, phase τ, phase G, Cr 2 N and CrN chromium nitrides, and M 7 C 3 and M 23 C 6 carbides [12] [13] [14] [15] , with a negative effect on the corrosion resistance and plasticity [16, 17] . A large part of the defects in components made of SDSS occur due to the improper hot deformation regime, so controlling the main parameters of hot plastic deformation is extremely important in order to obtain products with high reliability. The capacity of a material to be hot deformed without cracking depends on many parameters, requiring a study of great complexity. The plasticity of duplex stainless steels is much lower than that of a pure ferritic steel and just a little less than that of a pure austenitic steel. The two main phases from SDSS microstructure (austenite and ferrite) have very different physical and mechanical properties [18] , resulting in distinct behaviours at deformation. The plasticity of ferrite is higher and the deformation resistance is much lower than that of austenite; at the same time, the hardening rate is higher and the recrystallization is slower in the austenite. The different deformation characteristics of the two phases lead to an unevenness of the deformation in the steel volume, generating internal stresses and sometimes causing cracks or micro-cracks, especially in forging. Manufacturing processes, like forging, are implying the shaping of the material by using localized compressive forces and during the hot forging process, the coarse grain structure of steels is refined, leading to a substantial improvement in mechanical properties. Secondary processing, such as heat treating, can also be used to further refine the structure of the steel. In the forging processes of SDSS, a special care is mandatory for the heating and cooling stages, considering the fact that secondary deleterious phases are formed mainly during these periods [19] . For example, it was found that the σ and τ phases are formed due to Cr diffusion towards the grain boundaries during slow cooling after forging [19, 20] . It was also shown that σ phase precipitation is a very slow process and small grain sizes and low contents of σ phase are found in the material after soft cooling [21, 22] , σ phase precipitating mainly in the ferrite-austenite grain boundaries area and around inclusions or incoherent grain boundaries [19, 23] . Regardless of the deformation mode, the temperature can improve the hot formability of the steel. By increasing the temperature, the risk of cracking is reduced. On the other hand, by choosing an inappropriate deformation temperature, the emergence of fragile intermetallic phases may be favoured; so determining the optimal temperature range of hot plastic deformation for SDSS is of utmost importance.
Materials and Methods
In order to determine the best hot plastic deformation temperature of the UNS S32750 super-duplex stainless steel, 21 cylindrical samples were deformed by upsetting in the temperature range of 800-1300 • C (using 25 • C temperature steps), at a constant deformation degree of 30%. The steel was delivered in the forged and solution hardened state (considered as the initial structural state). Samples heating was carried out in a NABERTHERM HTC 08-16 heating and heat treatment furnace (Nabertherm GmbH, Lilienthal, Germany), at temperatures 20 • C higher than the deformation temperature, considering also the cooling of the samples from the time they are removed from the furnace until they are deformed at the hydraulic press. Taking into account the samples dimensions [24] , but considering also the kinetics of deleterious secondary phases formation and dissolution [25] , the holding duration at the heating temperature was set at 20 min for each sample, including the transitory time needed to reach the heating temperature (the samples were fed into the preheated furnace one at a time and placed individually on the furnace hearth) and the time required for temperature homogenization throughout the volume of the samples. At the end of heating, the temperature of each sample was verified by using a laser pyrometer and, after that, the hot upsetting of the samples was carried out on a 200 tons-force hydraulic press. Samples used in the experimental program had a cylindrical geometric configuration, with a diameter of 18 mm and a height of 27 mm.
After upsetting, a number of 10 representative samples were selected to be investigated from a microstructural point of view by the SEM-EBSD (Electron Backscattered Diffraction) technique: the initial sample (hot forged and solution hardened) and the samples forged at 800 • C, 850 • C, 900 • C, 950 • C, 1000 • C, 1050 • C, 1100 • C, 1200 • C, and 1300 • C. Samples were cut with a Metkon MICRACUT 200 Precision Cutting Machine (Metkon Instruments Inc., Bursa, Turkey) with diamond disc and then metallographically polished: they were hot-mounted in a conductive Buehler KonductoMet resin at 138 • C, with a 10 min holding time at that temperature. Samples were initially metallographically ground from 180 to 1200-grit SiC paper, in 6 steps (60 s/step, rotating the samples 90 • after each step), then polished with 6 µm and 1 µm polycrystalline diamond suspension (180 s/step), super-polished with 0.5 µm and 0.05 µm alumina suspension (120 s/step), and finally vibro-polished with 0.02 µm colloidal silica (43.2 ks). These operations were performed on a Metkon Digiprep ACCURA automatic grinding (Metkon Instruments Inc., Bursa, Turkey) and polishing machine for metallographic samples preparation. The machine offers both the central application of the pressing force and the individual force on each sample. After the grinding and polishing operation, an additional vibro-polishing step was performed on a Buehler VibroMet2 machine (Buehler, Lake Bluff, Illinois, IL, USA), to improve the surface quality of the samples. The vibro-polishing operation lasted 12 h and was performed using a Buehler MicroFloc polishing cloth and Buehler MasterMet2 final polishing suspension (0.02 µm colloidal silica). The schematic representation of the reference system for the analysed samples is shown in Figure 1 . The microstructural analysis, performed with an SEM microscope-TESCAN Vega II-XMU (TESCAN, Brno, Czech Republic) fitted with a BRUKER Quantax e-Flash 1000 EBSD detector (Bruker Corporation, Billerica, MA, USA), was meant to highlight the main features of UNS S32750 super-duplex steel in the structural states considered: in the initial state (hot forged and solution hardened) and in the deformed state, after hot deformation at different temperatures between 800 • C and 1300 • C. In order to accurately determine the phase composition, the following phases were taken into consideration: phase δ-Fe, indexed in the cubic system (229), spatial group Im3m; phase γ-Fe, indexed in the cubic system (225), spatial group Fm3m; phase σ-(Fe-Cr), indexed in orthorhombic system (136), spatial group P42/mnm; phase χ-(Fe-Cr-Mo), indexed in the cubic system (217), spatial group I43 m.
For the as-received state (forged and solution hardened), an SEM-EDS analysis (scanning electron microscopy-energy dispersive spectroscopy) was also performed in order to quantify the alloying elements distribution and to compute the distribution of phases for the investigated microstructural state. Although the SEM-EDS technique has its own limitations in quantifying the chemical composition of a sample, this analysis is trustworthy considering that a number of five random fields (at the same magnification) were analysed and the average chemical composition was determined via statistical processing of data. For the steel and for each observed phase, the absolute and the relative errors were also specified for each alloying element. The SEM-EDS analysis was performed using a BRUKER Quantax xFlash 6/30 EDS detector (Bruker Corporation, Billerica, MA, USA), mounted on the TESCAN Vega II-XMU SEM microscope (TESCAN, Brno, Czech Republic).
In order to determine the optimal forging temperature of the UNS S32750 super-duplex stainless steel, the microstructural observations made after the SEM-EBSD analysis are described for the sample in the initial structural state and for the samples deformed by upsetting at 9 temperatures between 800 • C and 1300 • C. Characteristics as the nature, distribution, morphology and relative proportion of constituent phases, homogeneity, and dynamic recrystallization of structure, were analysed in relation to forging temperature.
Results

Microstructural Analysis of As-Received UNS S32750 SDSS Alloy (Forged and Solution Hardened)
The super-duplex stainless steel was delivered in the forged and solution hardened state. Figure 2 shows some representative distribution maps for the alloying elements (Fe, Cr, Ni, Mo, Cu, W, Mn, Si, V) and phases in the as-received UNS S32750 SDSS alloy (the initial structural state-forged and solution hardened), determined via SEM-EDS analysis.
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Results
Microstructural Analysis of As-Received UNS S32750 SDSS Alloy (Forged and Solution Hardened)
The super-duplex stainless steel was delivered in the forged and solution hardened state. Figure  2 shows some representative distribution maps for the alloying elements (Fe, Cr, Ni, Mo, Cu, W, Mn, Si, V) and phases in the as-received UNS S32750 SDSS alloy (the initial structural state-forged and solution hardened), determined via SEM-EDS analysis.
Additionally, a series of representative SEM-EBSD composite images (×200) resulting from the microstructural analysis of the super-duplex stainless steel in the initial structural state is shown in Figure 3 . The microstructure has a homogeneous character, consisting only of the two basic phases: the δ-Fe (ferrite) phase, acting as a metal matrix, and the γ-Fe (austenite) phase, with elongated grains of irregular shape and different sizes. No further secondary phase has been detected. The proportion of the two main phases in this state can be estimated to be about 50% ferrite (δ-Fe) and 50% austenite (γ-Fe), with a slight surplus in terms of the amount of ferrite δ-Fe. Additionally, a series of representative SEM-EBSD composite images (×200) resulting from the microstructural analysis of the super-duplex stainless steel in the initial structural state is shown in Figure 3 . The microstructure has a homogeneous character, consisting only of the two basic phases: the δ-Fe (ferrite) phase, acting as a metal matrix, and the γ-Fe (austenite) phase, with elongated grains of irregular shape and different sizes. No further secondary phase has been detected. The proportion of the two main phases in this state can be estimated to be about 50% ferrite (δ-Fe) and 50% austenite (γ-Fe), with a slight surplus in terms of the amount of ferrite δ-Fe. (Tables 1-3) , one can observe that the average chemical composition measured for the investigated alloy (Table 1) is meeting the specifications for an industrial UNS S32750 SDSS. Additionally, it can be seen that the δ-Fe phase is enriched in Cr, Mo, W, and Si (Cr and Mo are ferrite stabilizing elements) and lean in Fe, Ni, Mn, and Cu, when compared to the γ-Fe phase (Ni and Cu are austenite stabilizing elements) and vice versa. These observations were consistent with previous works by the authors [19, 26, 27] . 5 show a series of representative SEM-EBSD composite images (×200 and ×1000, respectively) resulting from the microstructural investigation of UNS S32750 super-duplex stainless steel in the structural state obtained after forging at 800 • C, which shows that the microstructure of the alloy is relatively homogeneous, but consists of grains fragmented by the deformation process. The SEM-EBSD analysis revealed the presence of the same two main phases, in approximately equal amounts: the δ-Fe (ferrite) acting as a metal matrix and the γ-Fe phase (austenite) exhibiting elongated, irregular grains of different shapes and sizes dispersed in the matrix. Phase σ-(Fe-Cr) was detected in the structure of the steel forged at 800 • C in a relatively small proportion, but this secondary phase is undesirable in the composition of any type of super duplex steel, having detrimental effects on the properties of the steel, even in small fractions. No other secondary deleterious phases such as, for example, the χ-(Fe-Cr-Mo) phase, were detected in the steel forged at 800 • C.
After forging at 850 • C, the microstructure presented a more heterogeneous character compared to the previous sample forged at 800 • C, as can be seen from Figure 6 (×200) and Figure 7 (×1000).
As a result of the deformation process, the degree of grain fragmentation is higher than after forging at 800 • C. SEM-EBSD analysis revealed the presence of the two main phases, a phase acting as a metal matrix (ferrite δ-Fe), the other phase showing elongated grains of irregular shape and different size (austenite γ-Fe), dispersed in the matrix. Phase χ-(Fe-Cr-Mo) is a metastable phase which, in most cases, turns into phase σ-(Fe-Cr), especially when the holding time for the investigated material at the heating temperature is prolonged (χ → σ). The very low proportion of the χ-(Fe-Cr-Mo) phase can be associated with its metastable characteristics. After forging at 850 °C, the microstructure presented a more heterogeneous character compared to the previous sample forged at 800 °C, as can be seen from Figure 6 (×200) and Figure 7 (×1000). As a result of the deformation process, the degree of grain fragmentation is higher than after forging at 800 °C. SEM-EBSD analysis revealed the presence of the two main phases, a phase acting as a metal matrix (ferrite δ-Fe), the other phase showing elongated grains of irregular shape and different size (austenite γ-Fe), dispersed in the matrix. Phase χ-(Fe-Cr-Mo) is a metastable phase which, in most cases, turns into phase σ-(Fe-Cr), especially when the holding time for the investigated Analysing the images in Figure 8 (×200) and Figure 9 (×1000), it can be noticed that after forging at 900 • C, the microstructure of the UNS S32750 super-duplex stainless steel exhibits a higher degree of inhomogeneity, consisting of grains more fragmented as compared to the structure obtained by forging at lower temperatures. The SEM-EBSD analysis revealed the presence of the main phases: the δ-Fe (ferrite) phase behaving as a metal matrix and the γ-Fe (austenite) phase being dispersed in the ferritic matrix, with elongated grains of irregular shape and different sizes. The two harmful secondary phases, σ-(Fe-Cr) and χ-(Fe-Cr-Mo), were also identified. At the same time, it can be observed that forging at 900 • C leads, on the one hand, to an increase in the proportion of σ-(Fe-Cr) and, on the other hand, to a reduction of the grain dimensions of this secondary phase. The σ-(Fe-Cr) particles are disposed both in the δ-Fe/γ-Fe interface area and inside the δ-Fe phase matrix. The χ-(Fe-Cr-Mo) phase is similar to the one observed after forging at 850 • C, with small spheroidal particles located in the interfaces between the main δ-Fe/γ-Fe phases. Phase χ-(Fe-Cr-Mo) is detected in a relatively low proportion due to its metastable character. From the analysis of Figures 10 and 11 , it can be seen that after hot forging at 950 • C, the microstructure of UNS S32750 super-duplex stainless steel is more homogeneous compared to that obtained after forging at 900 • C, with grains fragmented as a result of the deformation process. Figure 8 . The SEM-EBSD composite images (×200) obtained after forging at 900 °C: (a) the microstructure of the analysed field; (b) the distribution of existing phases in the microstructure of the analysed field; (c) the distribution of the γ-Fe phase; (d) the distribution of the δ-Fe phase; (e) the distribution of the σ-(Fe-Cr) phase; (f) the distribution of the χ-(Fe-Cr-Mo) phase. From the analysis of Figures 10 and 11 , it can be seen that after hot forging at 950 °C, the microstructure of UNS S32750 super-duplex stainless steel is more homogeneous compared to that obtained after forging at 900 °C, with grains fragmented as a result of the deformation process. The fragmentation degree of the grains is lower compared to that corresponding to forging at 900 • C, which suggests a slight increase in plasticity. The SEM-EBSD analysis revealed the presence of the main phases: the δ-Fe (ferrite) phase, which behaves like a metal matrix, and the γ-Fe (austenite) phase, with elongated grains of irregular shape and different sizes, dispersed in the δ-Fe matrix. In this case, only σ-(Fe-Cr) could be identified. At the same time, it is observed that forging at 950 • C results in both a decrease in the proportion of the σ-(Fe-Cr) phase and in a reduction of the particle size of this secondary phase. The σ-(Fe-Cr) particles are predominantly disposed along the δ-Fe/γ-Fe interfaces.
After hot forging at 1000 • C, the UNS S32750 steel presents a relatively homogeneous microstructure, with grains fragmented by the forging process (Figures 12 and 13) . The degree of grain fragmentation is lower compared with that obtained after forging at 950 • C, which can be associated with an increase in plasticity. The SEM-EBSD analysis revealed the presence of the main phases: δ-Fe (ferrite), acting as a metal matrix and γ-Fe (austenite), distributed in the δ-Fe matrix in the form of elongated grains. The secondary phase σ-(Fe-Cr) is also detected, this being disposed of in the interface area δ-Fe/γ-Fe. The fraction of the σ-(Fe-Cr) phase and its grain dimensions are very low after forging at 1000 • C.
grain Figures 14 and 15 show that after forging at 1050 • C, the microstructure of UNS S32750 super-duplex stainless steel has a relatively homogeneous character, with deformed grains, and their degree of fragmentation was reduced compared to the structures obtained at lower temperatures. Figure 13 . The SEM-EBSD composite images (×1000) obtained after forging at 1000 °C: (a) the microstructure of the analysed field; (b) the distribution of existing phases in the microstructure of the analysed field; (c) the distribution of the γ-Fe phase; (d) the distribution of the δ-Fe phase; (e) the distribution of the σ-(Fe-Cr) phase; (f) the distribution of the χ-(Fe-Cr-Mo) phase. Figures 14 and 15 show that after forging at 1050 °C, the microstructure of UNS S32750 superduplex stainless steel has a relatively homogeneous character, with deformed grains, and their degree of fragmentation was reduced compared to the structures obtained at lower temperatures. The two basic phases are present: a phase acting as a metal matrix, identified as the δ-Fe (ferrite) phase, and another dispersed phase, with elongated grains of irregular shape and different dimensions, identified as the γ-Fe phase (austenite); the volume fractions of the two phases are approximately equal. It should be noted that no further secondary phases (phase σ or phase χ) were detected in the composition after forging at 1050 • C. The initialization of the dynamic recrystallization also takes place because, especially in the phase δ-Fe (ferrite), inside the microstructure of the material appear a series of small recrystallized grains, surrounded by a deformed and unrecrystallized grain matrix.
Microstructural Analysis of UNS S32750 SDSS Alloy Forged at 1050 • C
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Microstructural Analysis of UNS S32750 SDSS Alloy Forged at 1100-1300 • C
Analysing the images shown in Figure 16 , it can be observed that after forging at 1100 • C, the microstructure of UNS S32750 steel is homogeneous with deformed grains and the degree of fragmentation is lower compared to the previous temperatures. Only the two main phases are present: the metal matrix, identified as the δ-Fe (ferrite) phase and a dispersed phase with elongated, irregular grains, of different sizes, identified as the γ-Fe phase (austenite). With the increase of the forging temperature at 1100 • C, the consolidation of the ferrite occurs due to the decrease of the austenite fraction. No other undesired secondary phase was detected in the composition after forging at 1100 • C. With the increase of the forging temperature, an intensification of the dynamic recrystallization can also be observed because the proportion of the recrystallized grains is higher. Analysing the SEM-EBSD images shown in Figure 17 , it can be noticed that the microstructure of the UNS S32750 steel is homogeneous after forging at 1200 • C, the fragmentation degree of the deformed grains being reduced. Only the two main phases were indexed: the δ-Fe (ferrite) as a metal matrix and the diffused γ-Fe phase (austenite), with elongated, irregular grains of different sizes. With the increase of the forging temperature at 1200 • C, the δ-Fe phase consolidation continues due to the decrease of the γ-Fe phase fraction, the two phases being present in different proportions (the ferrite proportion increases and correspondingly, the proportion of austenite decreases). No further undesired secondary phase has been detected in the steel composition after forging at 1200 • C. It can also be noticed that with the increase of the forging temperature, the dynamic recrystallization is intensified.
SEM-EBSD images presented in Figure 18 show that after forging at 1300 • C, the UNS S32750 super-duplex stainless steel has a homogeneous microstructure with a low fragmentation degree of the deformed grains. Only two main phases have been identified: the metal matrix phase δ-Fe (ferrite) and the dispersed γ-Fe phase (austenite) with irregular, elongated grains (sometimes even acicular) and of different sizes. It can be noted that with the increase of the forging temperature at 1300 • C, the consolidation of the δ-Fe phase is intensified due to the decrease of the γ-Fe phase fraction. No further undesired secondary phase was detected in the steel composition after forging at 1300 • C. With the increase of the forging temperature, the dynamic recrystallization is also intensified. 
Discussion
During the hot plastic deformation of super-duplex stainless steels, there are numerous structural changes which alter the mechanical properties and the corrosion resistance [28] [29] [30] [31] . Many of these refer to ferrite because the ferrite diffusion rates are 100 times higher than those in austenite as a result of the less compact bcc crystalline network. In addition, the solubility of ferrite elements decreases as temperature decreases, increasing the probability of precipitation during heating.
In view of the experimental results obtained from the SEM-EBSD analysis of UNS S32750 steel plastically deformed at temperatures between 800 • C and 1300 • C, useful observations are revealed regarding the variation of microstructural characteristics according to the forging temperature, thus being possible to establish the optimal range of hot forging temperatures. It can be observed that the δ-Fe (ferrite) and γ-Fe (austenite) phases are the main phases in the UNS S32750 super-duplex stainless steel, being identified in all structural states which have been analysed, regardless the deformation temperature. The δ-Fe (ferrite) phase acts as a metal matrix and the γ-Fe (austenite) phase is found in the form of a dispersed phase with elongated grains of irregular shape and different sizes. Secondary phases σ-(Fe-Cr) and χ-(Fe-Cr-Mo) have a strong negative effect on the hot formability of the steel because they are fragile, generating cracks/micro-cracks during the plastic deformation process. These secondary phases are undesirable in super-duplex stainless steels as they weaken the mechanical properties and the corrosion resistance. The SEM-EBSD analysis showed that the σ-(Fe-Cr) phase appears in the UNS S32750 super-duplex stainless steel at forging temperatures higher than 800 • C. Particles of σ-(Fe-Cr) phase have a quasi-polyhedral shape and small size, and are generally located at the boundaries between ferrite grains and austenite grains, but also inside of the ferritic phase matrix. This harmful secondary phase develops in the steel as the forging temperature rises, so it is noticeable that the proportion and the size of σ-(Fe-Cr) particles increase for forging temperatures up to 900 • C, after which both of them decrease, so that phase σ-(Fe-Cr) disappears completely during forging above 1050 • C.
At forging temperatures ranging from 850 • C to 900 • C, another secondary phase, χ-(Fe-Cr-Mo), emerges in the structure of the analysed steel in the form of small and relatively spherical particles, located in the area of the boundaries between ferrite and austenite grains. At deformation temperatures above 950 • C, the χ-(Fe-Cr-Mo) phase completely disappears from the microstructure.
In the frame of hot ductility drop, the duplex microstructure of UNS S32750 steel and the formation of deleterious secondary phases in inadequate thermomechanical processing conditions causes some embrittlement in the alloy, which finally leads to premature failure and hot cracking during or after forging, similar aspects being reported by other researchers as well [9] [10] [11] 32] . The precipitation of harmful intermetallic phases in SDSS alloys leads to the formation of Cr depleted zones [5] [6] [7] , with a high negative impact on hot ductility and also on corrosion resistance, generating cracks or micro-cracks during thermomechanical processing [33] [34] [35] [36] .
At forging temperatures exceeding 1050 • C, the microstructure of the UNS S32750 super-duplex stainless steel is made up only of ferrite and austenite (δ-Fe and γ-Fe phases), with no other harmful secondary phases. Generally, it can be appreciated that the two main phases are found to be in approximately equal fractions. At these temperatures, the initialization and the intensification of dynamic recrystallization have been observed. Especially in the case of the δ-Fe (ferrite) phase, in the microstructure of the steel, a small series of recrystallized grains are present, surrounded by a matrix of unrecrystallized deformed grains. Above 1050 • C, the degree of fragmentation of the deformed grains is noticeably reduced, suggesting an increase in the plasticity of the steel. When the forging temperature exceeds 1100 • C, the δ-Fe (ferrite) consolidation phenomenon occurs due to the decrease of the γ-Fe (austenite) phase fraction.
Conclusions
A balanced structure of super-duplex stainless steels is achieved by establishing a suitable thermal deformation regime so as to avoid the formation of fragile phases. Considering the experimental results obtained from the SEM-EBSD microstructural analysis, it can finally be concluded that the optimal forging temperature range for the UNS S32750 super-duplex stainless steel is 1050-1300 • C. After deformation between these temperatures, the structure of the material is composed only of δ-Fe (ferrite) and γ-Fe (austenite), without other harmful secondary alloy phases. At the same time, in this temperature range, the dynamic recrystallization of the structure also takes place and, therefore, the plasticity of the material increases considerably. Such a structure provides good plasticity for the hot forging of industrial UNS S32750 super-duplex stainless steel, with the avoidance of cracks and micro-cracks. 
